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Vibrational analysis of trans-polyacetylene : (CH)x and (CD)x
Abstract. 2014 We have calculated the normal modes « in the plane » of a trans-polyacetylene chain (CH)x, using a model with twelve force constants. When x is infinite, the Born cyclic condition allows us to determine both the dispersion and the density of states curves by using Fourier's dynamical, Hermitian [6, 10, 11] that it was due to a dispersion in the conjugation length of the trans-(CH)x isomer. More quantitatively, a good fit to experimental Raman spectra was given using one or two distributions of conjugation length [10, 13, 14] , either taking or not taking into account the electron-phonon interaction.
More recently, Mele [15] suggested that the highfrequency component of the Raman bands could be a result of a hot luminescence process induced by long chains. By dynamical calculations, several types of structural defects have also been studied by Zannoni and Zerbi [16] . They show that the activation of the perturbed density of states may affect the interpretation of the Raman spectra.
In this paper we present calculations of in-plane optical vibrational modes in trans-(CH)x and in its deuterated derivative (CD)x. The calculations were performed for an infinite chain from which results for shorter molecules were derived. The purpose is to explain the main features of the experimental spectra using the minimum number of free parameters (force constants). Wilson's well-known GF matrix method [ 17] figure 1 . In this figure, as given in reference [5] , l(C=C) = 1.34 A, [5] but is very different from [5] whereas those from set II resemble those given by Schiigerl and Kuzmany [11] (deduced from ref. [20] ). Nevertheless, a direct comparison is very difficult since the attribution of the experimental frequencies given in [5] is not exactly the same as ours and in reference [11] , the parameters are different. For the two sets of parameters, the frequencies at q = 0 are the same since K(a2)+2 K (a, a) and K(b2) + 2 K(b, b) are unchanged. However, they differ greatly at q =F 0. K(q2ab) has no effect on the frequencies at q = 0 but contributes when q :0 0. (CD) . which is about twenty times stronger than in (CH)x [7] . Schügerl et al. [11] assigned this result to a much stronger C=C bond stretch in (CD)x than in (CH)x. Since the Raman intensities, to a -good approximation, can be taken to be proportional to the square of the C=C bond stretch, the relative intensities of the Raman modes can be easily calculated from the eigenvector components. The results obtained from our calculations are given in table IV and compared with those deduced from reference [ 11] . They can [11] ; b) from our work.
explain the strong increase in intensity of mode 2 on going from (CH)x to (CD)x, but fail completely in their estimation of the intensities of the other modes. In fact, this could be expected because mode 3, which is assigned to the C=C stretch (see fig. 2 ), is found experimentally to be less intense in (CH)x than mode 1 assigned mainly to the C-C stretch. Therefore, the model is probably too crude and other factors should be taken into account in the calculations of the Raman lines intensities. 4 figure 5 . It is observed that, using the set of force constants I, (CH)x. The dispersion of frequencies for q # 0 seemed to us too large with the parameters from set II (from 1450 to 1850 cm -1), so we did the calculations using only the force constants from set I. In figure 6C , the solid curve represents the results obtained for (CH)x in the frequency range 1050-1500 em-1 (corresponding to the frequency range of the dispersion curves 1, 2, 3 and 5 ( fig. 3)) . We have also shown the density of states (with force constants I) projected onto the C--C bond ( fig. 6C, dashed line) . Similar calculations were performed for (CD)x and the results are shown in figure 7 . In figure 6C (or 7C) figure 6C gives a rather good picture of the Raman active modes in a trans-(CH)x of medium size. As a matter of fact, there is a good agreement between the experimental spectrum of (CH)x when AL = 457.9 nm and this histogram. The force constants are the elements of the F matrix given by Wilson [17] . According to the notation of Shimanouchi et al. [22] 
